Summary.-This cross-sectional study investigated the differences between young expert soccer players' (n = 55) and novice players' (n = 74) decision-making ability during performance of invasion games (ages: 7-8, 9-10, 11-12, and 13-14 years). Decision-making ability was assessed in invasion games that were appropriately modified for age and expertise. Games were modified to meet the developmental needs and previous learning of the participants, so interference between motor execution and decision making was minimized. Game performance was videotaped, and measures of cognitive components were developed from observational analysis. Decision making was measured at two levels: (a) decision making restricted to the selection of the technical-tactical skills (passing, moving with the ball, getting free, marking, tackling, double teaming, and interception) and (b) decision making in the adaptation to the tactical context of the game. Expert players remained superior in decision-making ability when variation in skill execution was controlled. Decision-making differences between levels of expertise decreased with age with regard to the first level (skill selection) and increased with age in relation to the second level (tactical-context adaptation). Findings are discussed in terms of implications for instructional focus and task design.
factors (Baker, Horton, Robertson-Wilson, & Wall, 2003) , and refers to the "characteristics, skills, and knowledge that distinguish experts from novices and less experienced people" (Ericsson, 2006, p. 3) . One of the parameters used to determine expertise is experience. Experience influences game performance and is usually linear with age and analogous to practice, performance, and competition time (Blomqvist, Luhtanen, & Laakso, 2000) . Other parameters that discriminate between levels of expertise have been the trainer's (French & Thomas, 1987) or teacher's (Nevett, Rovegno, Babiarz, & McCaughtry, 2001 ) own judgment, the category players compete in (Auld, 2006) , or previous skills tests (Campos, 1993) . However, according to Abernethy, Thomas, and Thomas (1993) , expertise is the result of a complex interaction between different variables such as physical characteristics, talent, knowledge, skill, intuition, and motivation. Thus, "expertise" clearly involves more than experience.
In research studies that use expert-novice differentiation in their design, sport performance can be a key concept. Sport performance, a concept similar to that of game performance, is defined by Thomas, French, and Humphries (1986) as "a complex product of cognitive knowledge about the current situation and past events, combined with a player's ability to produce the sport skill(s) required" (p. 259). This definition emphasizes the existence of two components: the cognitive component (knowledge and decision making) and the motor component (response execution). Both components are plainly related during a game, each being necessary to reach high performance. Players with excellent techniques may not understand when and where to use those techniques and, therefore, may not know what to do when confronted with a specific situation in a game (Turner & Martinek, 1995) . Decisions become reality only if efficiently transferred to action (Grehaigne, Godbout, & Bouthier, 2001 ). Co-dependence of skills and tactics was evident in a study by Gutierrez Diaz del Campo, Contreras Jordan, and Garcia Lopez (2008) where significant correlations were found between decision making and skill execution. This indicates, as Thomas and Thomas (1994) suggested, that multiple measures of skill, knowledge, and game performance should be used in sport performance research. Thus, further studies have indicated relationships between knowledge and decision making, including those by Allard, Deakin, Parker, and Rodgers (1993) , Dodds, Griffin, and Placek (2001) , and Gonzalez Villora, Garcia Lopez, Gutierrez Diaz del Campo, and Contreras Jordan (2010) .
Research on expertise indicates that experts are superior in all underlying components of game performance. Oslin and Mitchell (2006) classified the results of these studies, in which experts are better than novices, into the following: organization and structure of declarative and procedural knowledge, decision making, pattern recognition, anticipation during the game, visual search and selection of important stimuli, retrieval of information taking place in the game environment, retrieval of information from short-term memory to long-term memory, and information processing speed. Abernethy, Burgess-Limerick, and Parks (1994, in French & McPherson, 2004, p. 403) summarize the characteristics that distinguish sport experts in the response-selection processes: ". . . experts are faster and more accurate in organizing patterns, have superior knowledge of both factual and procedural matters, possess knowledge organized in a deeper, more structural form, have superior knowledge of situational probabilities, plan their own actions in advance, anticipate the actions of an opponent, and possess superior self-monitoring of tactical decision making processes."
In most expert-novice studies, the knowledge-based, informationprocessing perspective has served as the principal theoretical framework. The same theoretical framework is the one used by the majority of the research on games teaching (Oslin & Mitchell, 2006) . Both research fields, expert-novice and games teaching, are linked in studies that examine the development of youth sport performance through the comparison of participants with different levels of expertise (for an extensive review, see McMorris, 1999) . Most of these studies assess cognitive components of game performance through the use of written knowledge tests (e.g., French & Thomas, 1987) , situated interviews (e.g., French, Nevett, Spurgeon, Graham, Rink, & McPherson 1996) , interviews during competition (e.g., Nevett & French, 1997) , or video-based situations (e.g., Garcia Lopez, Gutierrez Diaz del Campo, Gonzalez Villora, Abellan Hernandez, & Webb, 2010) .
Just a few studies assess decision making in actual game play, notably in tennis (McPherson & Thomas, 1989) , baseball (French, Spurgeon, & Nevett, 1995) , basketball (French & Thomas, 1987) , soccer (Fontana, Mazzardo, Mokgothu, Furtado, & Gallagher, 2009) , and modified invasion games (Auld, 2006; Nevett, et al., 2001) . Of importance among these studies, French and Thomas (1987) developed an observation method to assess separately decision-making components of performance and motor skill execution components of performance. Subsequently, several authors have attempted to devise methods for authentic assessment of real game play situations (Grehaigne, Godbout, & Bouthier, 1997; Oslin, Mitchell, & Griffin, 1998; Nevett, et al., 2001; Tallir, Musch, Lannoo, & van der Voorde, 2003; Blomqvist, Vänttinen, & Luhtanen, 2005; . Most of these methods were designed for application in both research and physical education settings. The two most commonly used in games teaching and research are the Game Performance Assessment In-strument (Oslin, et al., 1998) and the Team Sport Assessment Procedure (Grehaigne, Godbout, & Bouthier, 1997) . Bayer (1979) described novice players' play as self-centred, while expert players are more cooperative. Further, the designation "watcherplayer" has been associated with the developmental characteristics of younger players due to their self-centred personalities and their limited attention spans (Contreras Jordan, De la Torre Navarro, & Velazquez Buendia, 2001 ). A player behaves as "watcher-player" when she or he does not show tactical intention or involvement in the game, mainly watching the other players' performance. "Watcher-player" behaviour can be linked with the "competent bystander" behavior described in the instructional and managerial task systems literature (Tinning & Siedentop, 1985) .
One problem in the studies referenced above is that the decision-making component of game performance has been assessed independently of motor execution. This fails to account for the possible interaction (or interference) between cognitive and motor execution components of game performance in the assessment of decision making during game play. In sports with a high level of spontaneity such as invasion games, the implementation of the decision-making component is based on what players can do or think they can do (Nevett & French, 1997) . For example, a player will not decide to pass to an unmarked, but distant, teammate if he or she does not have the strength, ability, or confidence to do it. Given such circumstances, when players with different levels of expertise are compared using the same setting, it is difficult to distinguish the origin and real magnitude of the differences in the decision-making component.
A second limitation of previous research is that instruments used do not assess or separate all the factors present in the decision-making component during actual game play. In this way, although French and Thomas (1987, p. 18) asserted that decision-making components of performance "would involve selection of the skill . . . as well as which teammate to pass to, what direction to dribble, when to shoot, when to stop dribbling, and so on," the authors did not include all of these considerations in coding procedures. Thus, previous research has typically assessed decision making on just one level, though two levels are possible. The first level, "response selection," involves the technical-tactical skill and the teammate and opponent directly implicated in the action (e.g., passing the ball to an unmarked teammate). This might be best thought of as the decisionmaking question of "what is done." But a second level of decision making would consider the tactical-context adaptation which might best be thought of as the question of "what should be done" in a particular game context or situation. The game context is composed of all teammates and opponents that could have any influence in a segment of play, as well as the area where the action takes place. Tactical contexts in invasion games can be grouped together according to action principles described by Bayer (1979) . In attack, action principles include maintaining possession of the ball, penetrating the defense (moving toward the goal), and attacking the goal. In defence, action principles include regaining possession of the ball, avoiding and preventing the opponent from advancing the ball, and reaching the goal. For example, if the tactical-context adaptation performance in the attacker with the ball was analysed, when the game context is coded as maintaining possession of the ball, the player should make actions directed to keep the ball, such as protecting the ball until a better option comes up or passing the ball to a teammate who is unmarked but positioned behind the ball carrier. In the same way, when the game context is coded as penetrating the defence, the player should perform actions to penetrate the defence (gtting closer to the goal), such as moving with the ball toward the goal or passng the ball to a teammate positioned closer to the goal.
Adapting to the tactical context of the game entails tactical awareness. This is the "ability to identify problems that arise while a game is in progress and to select the skills necessary to solve these problems" (Mitchell, Griffin, & Oslin, 1994, p. 21) . The second level of decision making, tacticalcontext adaptation, is very important with regard to game performance in invasion games due to the tactical complexity (Auld, 2006) and relational nature of skills in this category of games (MacPhail, Kirk, & Griffin, 2008; Gutierrez Diaz del Campo, Garcia Lopez, & Contreras Jordan, 2009 ). The purpose of the present study was twofold: first, to examine differences in decision making between expert and novice invasion game players during a real game, and second, to address methodological limitations of previous research. The latter include modifying invasion games to match the participant's previous learning and development to minimize the influence of technical ability, and measuring decision making more broadly on two levels.
Method

Participants and Procedures
The sample was made up of four age groups (7-8, 9-10, 11-12, and 13-14 years) and two performance levels (expert soccer players and novice players, cf. Table 1 ). The criterion to establish expertise was the amount of weekly and accumulated deliberate practice, experience in official competitions, and the judgment of the club coach. The expert players belonged to the youth program of the Albacete Football Club (Spain) and were selected by their coaches as being the best performers on their teams. They had all accumulated at least 1 yr. with more than 3 hr. per week of deliber-ate practice and they all had experience in official competitions. The novice players were selected from among physical education students with no formal training in invasion games and without any experience in official competitions. Expert soccer players were evaluated in different versions of soccer, depending on age group. Novice players were evaluated through a modified invasion game, where the rules and technical requirements were minimized. The games were selected based on the developmental abilities and previous training for each of the groups in such a way that they would be able to reach their maximum achievement on the decision-making component of performance. The number of players per team and the size of the playing field were also adjusted since they are important structural elements that have great influence on the number of stimuli present in the decision-making processes. Table 1 summarizes the ages, size of the playing field, and numbers of players per team in each group.
The design of the modified invasion game for novices was based on those used in similar research in educational contexts (Nevett, et al., 2001; Blomqvist, et al., 2005; Contreras Jordan, Garcia Lopez, & Cervello Gimeno, 2005) . The game played was team handball, with important structural and rule modifications designed to ensure developmental appropriateness and facilitate novice players' success: the objective was to score goals by throwing the ball into the goal; there were no goalkeepers; moving with the ball was possible just by bouncing the ball; there was no double-dribble rule; stealing the ball from an opponent and physical contact were not permitted; after a foul, the game was restarted from the place where the infraction took place; throwing the ball to score from one's own half of the court was not permitted; and only "one-on-one" defence was permitted, between pairs of attackers and defenders as established previously by teachers. This last rule, one-on-one defence, was important in that the matching of opposing players enabled differences in technical ability to be more easily controlled. The expert players played soccer with the same "one-on-one" defence rule and fixed attacking-defending pairs. In addition, only the oldest group of expert soccer players played their games with goalkeepers. In the rest of the games (soccer for expert players and team handball for novice players), a banned area was established in front of the goal in such a way that no attackers or defenders could step into this area. All games lasted 8 min., divided into two halves. This length of time was similar to those established in similar studies (French & Thomas, 1987; Nevett, et al., 2001; Blomqvist, et al., 2005) . Physical education teachers refereed invasion games, while soccer games were refereed by researchers.
Coding Instrument
All matches were recorded with a video camera located behind and above the court and analyzed using the Game Performance Evaluation Tool (G-PET). The design for the G-PET (Gonzalez Villora, 2008; was based on the instruments designed by French and Thomas (1987) and Nevett, et al. (2001) . Most relevant variations from these instruments were the analysis of defensive actions and the contextadaptation decision making. Decision making was categorized into two levels. The first level evaluated decision making relative to technical-tactical skills. The second level analyzed the tactical context adaptation. The second level evaluated players' tactical intentions with regard to the tactical game context in which the action is located and was established only for offensive actions. In both levels, decision making was coded as 1: Correct and 0: Incorrect. Table 2 describes the coding categories for the two levels of decision making. In Level 1, variables linked to technical-tactical skills are grouped by the game roles of attacking and defending both on and off the ball. In Level 2, context adaptation decision making is grouped in a single variable (Global context adaptation performance) but also analysed by the three offensive tactical contexts described by Bayer (1979) : keeping the ball, penetrating the defence, and attacking the goal contexts. The "watcher-player" behaviour is also analyzed in this category. For coding purposes, the playing time was divided into decision-making units of action (Nevett, et al., 2001) . The ending of a decision-making unit occurred after 4 sec. of action, when the player performed a different technical-tactical skill, or when the offensive tactical context changed. Content validity was established by a panel of experts. Instrument reliability was established through test-retest procedures, with intra-and inter-observer correlations among the observers in all categories ranging from .77 to 1.00.
Statistical analysis
The means and standard deviations were calculated for each variable and for each of the participating groups. Performance was compared between same-age groups. The Kolgomorov-Smirnov test for assumption of normality and the Levene test for homogeneity of variance showed that the sample did not meet these assumptions for all the variables in the study. Therefore, and also due to a small sample size, a Mann-Whitney U test was conducted to analyse for differences between the two samples (Vincent, 2005) .
Results
Four age groups were studied. Within physical education students (the novice performers), these four groups were Grades 2, 4, 6, and 8. Corresponding groups of soccer players were under 9 (U9), Under 11 (U11), Under 13 (U13), and Under 15 (U15). Results are summarized by age group, comparing expert and novice performers within each age group.
In the first age group (Grade 2 and U9 soccer players), the soccer players attained significantly better results than the physical education students in global context-adaptation performance, and specifically on tac- Tactical context-adaptation performance to attacking-the-goal contexts: Efficiency in selecting actions to try to score when the tactical context is coded as "attacking-thegoal context" Watcher-player: A player is coded as "watcher-player" when he does not show tactical intention or involvement in the game tical context-adaptation performance to keep the ball. Soccer players showed better results also in decision making about passing and efficient off-the-ball movement. Defensively, U9 soccer players scored significantly better in terms of tackling, interceptions, and double-teaming decisions. The only category in which the physical education students scored higher than the soccer players was that of "watcher-player," indicating less actual involvement in game play by these students (Table 3 ). In the second age group (Grade 4 and U11 soccer players), the soccer players again demonstrated superior performance in most aspects of decision making. Offensively, significant differences were evident in global tactical context-adaptation performance, and specifically on the adaptation to penetrating the defence context. Expert soccer players scored bet- ter also on passing decisions and off-the-ball movement. Defensively, the U11 soccer players scored significantly higher than the physical education students on marking (on-and off-the-ball) decisions and interception decisions. Though the physical education students did score higher in the "watcher-player" category, this was not statistically significant (Table 4) . Results in the third age group (Grade 6 and U13 soccer players) followed a similar pattern, with the youth soccer players demonstrating superior performance to the physical education students on most variables. U13 soccer players scored significantly higher than the physical education students on global tactical context adaptation, and specifically both on the adaptation to contexts of keeping the ball and penetrating the defence. Expert soccer players scored better also on passing decisions and decisions to move with the ball. Defensively, significant differences were found in marking (off-the-ball) and double-teaming (off-the-ball) decisions, with the U13 soccer players again scoring higher (Table 5) . No significant differences were found on "watcher-player" behaviour. The older age group (Grade 8 and U15 soccer players) yielded similar findings, with U15 soccer players scoring significantly higher on global tactical-context adaptation, in both contexts of keeping the ball and penetrating the defence. Expert soccer players scored better also on off-the-ball movement, and (defensively) double-teaming decisions. The physical education students scored significantly higher on the "watcher-player" category, again indicating significantly less game involvement by these students (Table 6 ). Discussion Previous research has shown that players with higher expertise are superior in cognitive components of game performance. This superiority has been confirmed both in authentic game play through observational instruments that assess decision-making and skill-execution components separately (e.g., French & Thomas, 1987; Thomas, 1989; McPherson & Nevett, et al., 2001; Auld, 2006) , as well as in isolated conditions through the use of written knowledge tests, interviews, or video-based situations (e.g., French & Thomas, 1987; French, et al., 1996; Nevett & French, 1997; Garcia Lopez, et al., 2010) . The present study suggests that this remains true when the interference of execution ability is minimized. In these conditions, expert players also have higher performance on tactical context adaptation. The results indicated that the cognitive components of decision making differed between expert and novice players. The expert players attained better results in the cognitive aspects of game performance, with tactical awareness measured through the adaptation to tactical game contexts being where more differences were found. In general, but not on all the variables measured, all soccer groups got better results than the physical education students of the same age. Statistically significant differences were found on the "watcher-player" variable, which indicated that the soccer players of every age group showed greater involvement in the game than the physical education students.
Findings showed significant differences in all groups in the global adaptation to the tactical contexts of the game (p < .01 level in the three older groups). In the two younger groups, the differences were found only in one of the three tactical contexts. In the two older groups, the differences were found on aspects of two of the three tactical contexts. This is consistent with an increase in expertise associated with age, thus resulting in an increasing gap between expert soccer players and novice game players.
There were no significant differences between the soccer players and the physical education students in any of the comparisons carried out regarding context adaptation in attacking the goal. This result suggests that the tactical problem of attacking the goal is the one that requires the least amount of expertise and can be resolved by the players in the most natural way. This concurs with those authors who think that novice players play a self-centred game oriented toward goal scoring, only later becoming more cooperative (Bayer, 1979) . In invasion games, maintaining possession as opposed to trying to penetrate the defence means playing a more cooperative game and being more aware of the game's objective, which is reaching the goal, but also keeping the ball away from your opponent so he will not be able to score. There were no technical-tactical skills which seemed to be more relevant in the differences between levels of expertise. The number of technical-tactical skills on which significant expertise differences were found decreased with age. In addition, in the oldest age group, these differences are found only in off-the-ball roles. These results seem to indicate that along with age, differences between experts and novices involve the defensive, off-the-ball aspects of the game. These require greater explicit attention in the training process, though often training processes and informal learning focus on the on-the-ball and offensive components (Blomqvist, et al., 2005; Auld, 2006; . These findings also lend weight to the suggestion by French, et al. (1995) that since the context of the game performance and the underlying factors are changing, the criterion used to evaluate and define expertise can change with age.
An important variable in the study was the "watcher-player" variable on which the experts scored consistently lower, thus showing greater involvement in the game. These results show that motivation and maintaining concentration, both elements necessary to following the game action, are characteristics of expertise. Greater involvement on the part of the expert soccer players was found in every age group. "Watcher-player" behaviour has traditionally been associated with the developmental characteristics of younger players due to their self-centred personality and their lack of attention span (Contreras Jordan, et al., 2001) . It is likely that the type of game for each different age, in which the younger played with fewer players per team and on a small field, would be of great importance in the results of this variable. These results suggest that excessive watching behaviour might be alleviated to a large extent by designing age-appropriate game situations, and that expertise seems to be more important than age in the player's involvement in the game.
Novice groups included both girls and boys, while soccer players were all boys. Sex differences have previously been found to exist in various aspects of performance such as perception of enjoyment and competence in physical education (Cervello, Jimenez, del Villar, Ramos, & Santos-Rosa, 2004 ), amount of physical activity (Riddoch, Anderson, Wedderkopp, Harro, Klasson-Heggebo, Sardinha, et al., 2004) , motor performance (Malina, Bouchard, & Bar-Or, 2004) , and social interactions (Brock, Rovegno, & Oliver, 2009) . As these abilities and attitudes can have a direct influence on game performance, sex differences might be considered a limitation or bias in the data. Nevertheless, the research was designed to minimize this bias. Possible motor differences were minimized by assessing only cognitive components of game performance and also by the "one-on-one" defence rule and fixed attacking-defending couples; amount of physical activity was controlled by the questionnaire (asking about previous experience) which was used to exclude students with formal training in invasion games; finally, participants were children and pre-adolescents, and in the aforementioned studies it is during adolescence where the biggest differences between girls and boys are found. Lastly, to provide a more detailed view of the differences between experts and novices in the cognitive components of game performance, declarative knowledge should have been assessed, as recommended by McPherson and Thomas (1989) and French and Thomas (1987) .
Conclusion
The purpose of this study was to investigate differences in the decision-making capacity of young performers, while controlling for technical ability by ensuring that players participated in game play of appropriate difficulty. Findings indicated that young expert players are more effec-tive decision-makers than young novice players in invasion games, when compared with similar age groups. These findings have implications regarding practice. The fact that there were significant differences between experts and novices in the cognitive aspects of the game supports the potential value of a tactics-centred approach to teaching. Results seem to indicate that adaptation to tactical contexts of the game is a very important game performance component in the development of expertise in invasion games, making it appropriate to focus on the development of tactical awareness, especially for novice performers of limited technical ability. Likewise, involvement in the game seems to be a decisive factor in the processes that lead to expertise, making it important to increase game involvement for physical education students by designing games that facilitate greater involvement.
The approach presented in this study for assessing and comparing the cognitive components of game performance, in a setting where the interference between the decision-making and the motor-execution components is minimized, provides a new framework to study the nature and development of expertise. More research is needed to understand how results such as those presented in this study can facilitate learning of response-selection processes and the development of expertise. In addition, further research must address the way to apply this approach to other sport and games categories.
